Bioremediation is a technique applied to several environmental impacts, among which the ones generated by petroleum derivatives, through the introduction of microorganisms into the environment, or creating optimal conditions for them to develop. The present study aimed to evaluate the degradation of saturated hydrocarbons through the biostimulation technique in the mangrove sediment impacted by petroliferous activities, testing the potentiality of two fertilizers (NPK and OSMOCOTE) as accelerating agents of the biodegradation of petroleum components, under experimental conditions. In order to understand the bioremediation process it was used the quantification of nutrient contents, the percent of saturated, aromatic and NSO hydrocarbons, and the behavior of saturated compounds along the entire experiment, besides the monitoring of physical and chemical parameters. Chromatographic profiles characterized a major degradation of saturated hydrocarbons at the units with NPK, presenting a better efficiency of this fertilizer in the tested biostimulation process.
Introduction
Biological processes are world wildly gaining more and more importance in the treatment of environments especially those contaminated by organic compounds. These methods are favored for being ecologically correct, cleaner, of low costs and of easier appliance in great scale, besides not altering the balance of ecosystems [1] . Bioremediation is defined as the process through which organic residues are biologically degraded under controlled conditions to an innocuous state, or to levels under the concentration limits established by the authorities regulations and it is characterized by the acceleration of the petroleum natural degradation process, where the microorganisms utilize as a main carbon source the hydrocarbons in their metabolic processes [2] [3] [4] [5] [6] . Bioremediation is an emerging technology which involves the addition of materials (for example, nutrients or other growth factors) in contaminated environments in order to accelerate natural biodegradation processes [7] .
Biostimulation of local microorganisms populations with the objective of increasing biodegradation rates is frequently applied in bioremediation projects [8] . In order to use the biostimulation process, it must be demonstrated that there is at the contaminated site a natural population of microorganisms capable of biodegrading the present contaminants and that environmental conditions are insufficient for obtaining high rates of microbial activity of this population [9] . During biostimulation there are limiting factors, such as nutrients and electron acceptors which stimulate the metabolism and the growth velocity of degraders which accelerate biodegradation rates under favorable environmental conditions. The addition of nutrients into contaminated environments allows a quicker and more efficient degradation of hydrocarbons by native microorganisms [10] . The biostimulation accelerates biodegradation rates of contaminated soils when factors are controlled, like pH, humidity percentages, TPH concentrations (one of the most difficult fractions for degradation), electrons acceptors and temperature [10] .
Most of studies are based on the addition of nutrients under the form of fertilizers of inorganic compounds and simple inorganic compounds. NPK and have been largely used as stimulators. NPK is a water-soluble fertilizer, composed by monoammonium phosphate (NH 4 ) 3 PO 4 , ammonium sulfate (NH 4 ) 2 SO 4 , potassium chloride (KCl) and cotton bran. OSMOCOTE is also a soluble fertilizer and has the same composition, being different for being of slow release type, where inorganic nutrients remain covered by hydrophobic materials like paraffin or a vegetable.
This study was developed with the objective to evaluate the degradation of saturated hydrocarbons through the biostimulation technique in mangrove sediment, testing the potentiality of two fertilizers (NPK and OSMOCOTE) as accelerating agents of the biodegradation of petroleum components under experimental conditions.
Model Development

Sampling
The site for collection of mangrove substratum samples was in a contaminated area of a mangrove forest localized in the Todos os Santos Bay, municipality of São Francisco do Conde, Bahia, Brazil. Sediment collection was made on September 4, 2008. A number of 72 sediment samples were collected with the help of a 30 cm corer. Right after, samples were homogenized in a metal recipient with the purpose of avoiding analytical mistakes. After being homogenized, sediment was divided into three portions: 1st portion was kept as a natural composition of sediment (reference); 2nd portion was added with NPK fertilizer (0.5 g for each kg sediment); and a 3rd portion was added with OSMOCOTE fertilizer (0.5 g for each kg sediment).
Experiment Mounting Methodology
The experiment was mounted in glass cubes (aquariums) being 50 cm high, 30 cm wide and 40 cm long, each one containing: eight (08) glass tubes; wooden support for the tubes; a tap at the bottom part for draining the water and a pump for aeration. Glass tubes were covered with cotton bags. In total nine simulation units were mounted: units 1, 2 and 3 were reference samples (control); units 4, 5 and 6 were the samples which contained NPK (bioremediation 1); units 7, 8 and 9 were the samples which contained OSMOCOTE (bioremediation 2). In the reference units, it was evaluated the action of petroleum natural intemperism, and in bioremediation units 1 and 2, it was verified the acceleration of petroleum biodegradation as a result of the application of nutrients NPK and OSMOCOTE, respectively. Simulation units (glass cubes) were placed on the simulation bench, and on them oxygenation pumps were installed, being two pumps for each aquarium.
Simulation Methodologies
Water to simulate high tide at simulation units, with the purpose to reproduce what occurs in natural environment was pumped directly from São Paulo River estuary, Bahia State, and stored in a 1000 L tank and it was renewed everyday of simulation. A simulation day had the following steps: turning on the tap system with a small outlet in order to simulate high tide from the water stored tank; after reaching the aquarium limit (22 L), all oxygenation pumps were turned on and counted two hours of simulation; afterwards, physical and chemical parameters (salinity, OD, pH, E H and temperature) were measured; finally, aquariums were emptied, also with a small outlet for the simulation of low tide in the simulation units. Aquariums were not totally emptied with the objective to keep the sediment always in contact with water. 
Sampling Methodology
Monitoring of Simulation Units
During the three months of simulation, units were daily monitored. Non-conservative physical and chemical parameters (pH, salinity, temperature, dissolved oxygen) were measured when the water reached the aquarium and after two simulation hours with the help of high precision equipments.
Analytical Procedures
1) Sample Processing of Sediments. After collection, sediments samples were lyophilized by a LIOTOP Lyophilizer L101 with the purpose to take all humidity out. Next, sample was smashed, disaggregated and sieved with a 2 mm tight sieve. 2) Determination of nutrients. Following analyses were made: total organic carbon, nitrate, ammonia and assimilable phosphorus. Determinations of total nitrogen, nitrate and ammonia were made according to Kjeldahl method by humid via [11] . Assimilable phosphorus was extracted according to Aspila et al. (1976) [12] method and determined by Grasshoff (1983) [13] . 3) Determination of Total Petroleum Hydrocarbons (TPH). Saturated hydrocarbons were determined according to USEPA 8015B method. In order to make the extraction, 10 g of sediment were weighed on a Soxhlet system and the extraction proceeded with 150 mL of a mixture of solvents n-hexane and acetone (1:1v/v) for four (4) hours. As follows, the extract volume was put to evaporate in chapel and afterwards weighed about 0.004 g of this final extract (without solvent) which was then mixed with alumina. The mixture was transferred to the clean up column where the saturated fractions (F1) were added with hexane (30 mL). After evaporation, recipients were weighed on an analytical balance and masses were noted. In order to quantify both lineal and branched nalkanes, it was firstly prepared a solution of 0.02 mg/mL concentration of α-androstane chromatographic pattern. For pattern preparation a mass of maximum about 0.0027 g α-androstane was weighed and was transferred to a 5 mL volumetric balloon with the help of n-hexane solvent. Saturated fractions were diluted into a 1 mL solution of internal pattern and after homogenization, an aliquote of 1 μL to be injected manually into gas chromatographer Hewlett Packard, model 6890 with flame ionization detector (FID) with synthetic air, H 2 and N 2 with flame gases, capillary column 0f melted silicate (HP-5, 30 m × 0.32 mm × 0.25 μm), gas flow (H 2 ): 2.2 mL/min, injector temperature 280˚C, detector temperature 340˚C, with initial temperature of 40˚C and final temperature of 320˚C with 2.5˚C/ min rate, running time of 130 minutes.
Results and Discussion
Evaluation of Physical and Chemical
Parameters (pH, Temperature, OD, Salinity)
For the evaluation of physical and chemical parameters the following calculations were made: an average out of the triplicates (for each experiment), general average, pattern deviation and variation coefficient ( Table 1) . Turkey Test was also applied to check if there were significant differences from the first day of experiment in relation to all the other collection days. For all results, measured parameters showed that samples were not significantly different, proving that during the whole experiment there were no great variations which would compromise the biostimulation process ( Table 1) . Table 2 ).
Evaluation of Nutrients
Figure 1(a) shows that phosphorus contents at reference units behaved in a similar way during the whole experiment, having had a decrease on 90th day. Concentrations for ammonia values of reference simulation units varied between 3.38 and 22.08 mg N-4 kg -1 ( Table   2 ). Figure 1(a) shows a variation of phosphorus, ammonia and nitrate from the 1st, 30th, 60th and 90th days of experiment at REFERENCE (REF) simulation units, where it can be observed that ammonia contents at reference units had an increase on the 30th day, decreasing on the 60th day and having a slight increase on the 90th day. The increase of nutrient contents favored the growth of microbial population responsible for oil biodegradation contained in the environment. served that nitrate contents from reference units had a be havior similar to the nutrient ammonia. Comparing nutrient contents found in background sample and samples from reference units, it may be observed that there is heterogeneity among the samples, for theoretically these samples should contain the same nutrient concentrations.
On Table 3 it may be observed nutrient contents from simulation units, where NPK has been added. Phosphorus concentrations varied from 122.01 to 171.41 mg·kg -1 . Phosphorus contents, during the whole experiment, were higher than the ones taken at the other similar units, presenting a drop on the 60th and 90th days of experiment. This fact may be justified for NPK is very soluble and by the time that tide was simulated it is possible that these nutrients have been utilized by microorganisms as energy source for their metabolism.
Low phosphorus contents have been found along the experiment, because microorganisms consume it rapidly at the beginning of biodegradation [10] . That was not observed in this present experiment. Phosphorus values kept high levels during the whole experiment, from which it may be inferred by the oil degradation stage, from where it was not possible to detect the low molecular weight hydrocarbons, which are the first ones to be degraded. Ammonia contents at units with NPK obtained higher values on the first days of experiment, decreasing drastically from the 30th day of experiment on ( Figure  1(b) ).
Concentrations varied between 8.80 and 323.51mg N- 4 
NH
 kg -1 ( Table 3) . Ammonia consumption may be related to the incorporation into microbial biomass in the biodegradation process [10] (Vallejo et al., 2005) . Nitrate contents at unit where NPK was added obtained the highest values on the first days of experiment, dropping from the 30th day of experiment on, varying between 9.73 and 265.55 mg N-3 kg -1 ( Table 3) . This drop may be related to nitrate solubilization, which is higher in this type of fertilizer and as a consequence it is more rapidly assimilated by the degrading microorganisms [10] ( Vallejo et al., 2005) .
Units with OSMOCOTE only presented higher values from the 30th day on, but when compared to aquariums with NPK, phosphorus contents are lower, and this fact may be justified by the type of liberation (slow), typical for this fertilizer. Phosphorus contents at these units varied between 34.03 and 144.61 mg·kg -1 ( Table 4) . At simulation units with OSMOCOTE, ammonia contents increased gradually until the 30th day of experiment, having a drop on the 60th day of experiment (Figure  1(c) ). Nitrate low concentration in relation to ammonia concentrations suggests that it is the main nitrogen source in this experiment [10] . Nitrate contents at units with OSMOCOTE varied between 20.56 and 44.10 mg N- 3 
NO
 kg -1 ( Table 4) . Results found corroborate the idea of some authors that in open systems there may be deficiency in nutrient contents which may result in the biodegradation process inhibition [14] [15] [16] . Therefore there Averages followed by letter a present a significant difference in relation to sample of the first day of experiment, according to Turkey test of 0.05 of probability. Averages followed by letter b present no significant difference, according to Turkey test of 0.05 of probability. Averages followed by letter a present a significant difference in relation to sample of the first day of experiment, according to Turkey test of 0.05 of probability. Averages followed by letter b present no significant difference, according to Turkey test of 0.05 of probability.
Liquid Chromatography Evaluation
is the necessity of the addition of nutrients, which might increase degradation speed.
Results for liquid chromatography of the background sample collected in the beginning of experiment presented a greater quantity of saturated hydrocarbons, followed by aromatic hydrocarbons and a smaller quantity of NSO compounds (Figure 2) . The biodegraded oils present a decrease in saturated hydrocarbon values and consequently an increase of NSO compounds [19] . Oils of paraffin type, like the one found in the substratum of this mangrove present a greater quantity of saturated hydrocarbons [20] .
Phosphorus was the only nutrient which kept along the whole experiment being liberated uniformly either at the units with NPK or at the units with OSMOCOTE. Nutrients in certain coastal environments are scarce and the absence mainly of bioavailable phosphorus may provoke a reduction of microbial population, thus turning difficult the oil degradation process [3, 17] .
That nitrogen and phosphorus concentrations severely limit degradation extension of hydrocarbons and that the addition of nitrogen and phosphorus may be used to stimulate hydrocarbon microbial degradation [18] .
Probably with the biodegradation process these variations revert, classifying the contaminant as biodegraded. Results of oil extract analyses extracted from reference simulation units, in its great majority show that there was a reduction in the relative concentration of the fraction of saturated hydrocarbons, followed by a relative reduction, less expressive, of the aromatic hydrocarbons, compensated by a relative increase in the fraction of polar compounds (NSO) (Figure 2 ).
For this evaluation it was also applied the Turkey test. In reference units there was no significant difference among samples, except for the phosphorus contents of the 1st day in relation to the 90th day of experiment. This similarity along the experiment, in nutrient concentrations, may be justified for being natural samples, where nutrient quantities do not vary much among themselves, what generally occurs in mangrove natural environment. The test applied for units with NPK show significant differences among the samples of the 1st day in relation to the other days of experiment with 0.05 of probability. This may be justified by the addition of NPK fertilizer, which is soluble, having a significant increase of these nutrients, with a drop at the end of the experiment. The test applied in samples of the units with OSMOCOTE was not significantly different, what may be attributed to the type of fertilizer, which is of slow liberation, then the experiment time was possibly not significant for such an observation (Tables 2-4) .
The results found by the present work prove the order of the biodegradation scale proposed by some authors, like The saturated hydrocarbons are the most susceptible ones to microbial degradation, while the NSO are the most persistent ones [21] . Some averages presented an increase in the percentage of saturated hydrocarbons, which may be justified by the heterogeneity among samples, The explanation for these results can be given by the sampling method applied to the substrate of the wetland, that is, brought to homogenize the samples so they could be treated equally by the process of bioremediation. However, for some reason, the homogenization was not complete and the samples had different oil content and at the same time with different levels of biodegradation when they were placed in test tubes, which resulted in different results of liquid chromatography, with virtually no response the bioremediation process by biostimulation. This heterogeneity may be proved by the comparison of values found in background samples with the ones found in samples of the 1st day of experiment, which should theoretically present the same contents, since the objective of homogenization of the collected substratum was to obtain a pattern sample (Figure 2) .
In simulation units, with NPK, liquid chromatography results showed, with very different values, similar to the reference tanks, with a reduction after 90 days, of saturated hydrocarbons. These results may also be also a sampling of products that do not fully homogenized samples, resulting in different values demonstrating the heterogeneity of the same (Figure 2) . A preferencial reducetion of saturated hydrocarbons by the microbial community has already been predicted by many different authors through laboratorial simulations and analysis of oil spills on coastal environments [22] [23] [24] . Simulation units with NPK presented the most expressive reduction of saturated hydrocarbons by the end of the experiment, showing to be more efficient when compared to the reference units (Figure 2) . The addition of nutrients through biostimulation process is necessary for the microorganisms to accelerate oil natural biodegradation process [25] . This acceleration is directly related to the population increase of microorganisms present in the contaminated environment, which utilize the hydrocarbons as energy source. Likewise, the reduction of aromatic hydrocarbon contents was greater at the units with NPK, when compared to the reference units.
Simulation unit samples, in which OSMOCOTE fertilizer was added to the substratum, showed the same degradation tendency of hydrocarbons, with an increase of NSO compounds (Figure 2) . In comparison to the results already presented by the other simulation units, the unit which contains OSMOCOTE had similar tendency of the reference unit, showing its less efficiency in comparison to the NPK fertilizer. This may be attributed to the fact that OSMOCOTE, for being involved in a capsule, slowly liberates nutrients, having the need of some longer time for reaching the ideal levels to accelerate biodegradation. On the contrary of NPK, which, for being of soluble type, dilutes easily, reaching ideal levels to accelerate the process more rapidly. Thus, it is necessary the control of the contents of phosphorus, ammonia and nitrate within a shorter interval of time to know exactly at which intervals the units treated with NPK and OSMOCOTE reach the ideal levels necessary to accelerate the degradation process, and if it really reached this level. Although the utilization of fertilizers with slow liberation has been appointed by some authors [26, 27] as a possibility to provide continuous source of nutrients for contaminated areas and having demonstrated some betterments in oil biodegradation, the biggest problem is the long time period necessary for reaching the concentration of nutrients, necessary for biodegradation to occur.
Gas Chromatograghy Evaluation
One of the most used parameters for the monitoring of the biodegradation saturated hydrocarbons is the distri-bution of n-alkanes. These compounds are normally represented by greater peaks registered on a chromatogram. However, when oil is in a biodegradation process, a reduction of these compounds (n-alkanes) occurs, altering the chromatographic profile. 1) Background. On the organic extract chromatogram of the substratum sample, considered as background, it may be observed the absence of low molecular weight n-alkanes, which may have been evaporated, possibly right after the spill. The other n-alkanes, of high molecular weight, besides the evaporation process, must have also been degraded by natural bioremediation (Figure 3) .
Authors affirm that on the first days of a spill, evaporation is responsible for the retreat of 40% to 70% of volatile hydrocarbons, for average and light oils, which was also verified by Souza in an experiment with sea water [28] [29] [30] . It may be noticed by Figure 3 chromatogram, that some peaks are still showing a homologous series of the highest molecular weight n-alkanes, but with very low values of relative abundance, due to peak hights.
The absence of n-alkanes and the base line elevation (hump) are parameters which prove that the oil found in the substratum is already into a degradation stage. The predominant presence of UCM (complex mixture of oil components non-resolved by gas chromatography), in relation to n-alkanes, is associated to their complete reduction, due to the biodegradation process action [25] . 2) Reference Simulation Units. Reference samples 1, 2 and 3 identified on the first day of experiment (Figure 4(a) ) presented fingerprints (chromatographic profile) similar to the substratum pattern sample. This same fingerprint repeats itself practically in all reference samples collected during the experiment. On all these chromatograms may be observed the absence of low molecular weight n-alkanes and isoprenoids, an elevation on the base line (UCM) with the presence of n-alkanes of highest molecular weight, just like the one found on background substratum chromatographic profile, although it presents higher peaks.
Nascimento, in an experiment, simulating oil spill in a Rio das Ostras mangrove, Rio de Janeiro, in sediment samples, verified that after 56 days it was not possible to identify the n-alcanes in the control simulation units anymore, where it was observed natural degradation [31] . This may confirm the absence of n-alkanes and isoprenoids on the first days of experiment, since for the test a substratum was utilized that was already contaminated for some time and that probably must have suffered the action of intemperic processes, mainly evaporation. As it may be observed on Figures 4(b)-(d) referring to the 30th, 60th and 90t h days of experiment, samples present, besides the reduction of peaks, the absence of some high molecular weight n-alkanes identified on the first days of experiment. Results of reference units, in general, suggest the occurrence of natural biodegradation. However, natural biodegradation is considered as a slow process. This way, bioremediation, which is the biodegradetion acceleration, may give a response more rapidly and necessary to the environment. Thus, in cases of great spills, the natural attenuation would not be adequate, since the necessary time to occur the oil biodegradation would be a lot longer, bringing great damages to the affected ecosystem. 3) NPK Simulation Units. Chromatographic profiles of the first day of experiment, for the NPK unit samples (Figure 5(a) ), present small variations.
On chromatograms of the 30th, 60th and 90th days of experiment, for the samples of units with NPK ( Figures  5(b)-(d) ), it may be observed besides the peak reduction, the absence of high molecular weight n-alkanes. Studies made by Atlas and Bartha revealed that the individual addition of nitrate or phosphate caused little betterment to biodegradation stage, but when added altogether, like it has been made in this experiment, they increased petroleum biodegradation and mineralization of 70% and 42%, respectively [33] .
These profiles are very much alike the ones found at reference units, with the absence of low molecular weight n-alkanes and the presence of high molecular weight n-alkanes, confirming that the oil extracted from the substratum is already into biodegradation process. Studies made by Souza, Rosa and Trigüis show that bioremediation with the utilization of NPK fertilizer showed to be efficient in the complete degradation of both normal and branched alkanes in sea water [30] [31] [32] . Some authors report that biodegradation rate is similar for both water and sediment. Nascimento observed that around the 7th day of experiment it was already possible to identify the presence of n-alkanes and isoprenóides [31] .
Degradation decrease of hydrocarbons on the 90th day may be related to deficiency of nutrients since it has been already observed a reduction of nutrient concentrations on this day. Bergstein and Vestal concluded that the utili- zation of soluble fertilizers constitutes a useful tool to increase crude biodegradation and that without the addition of nitrogen and phosphorus the biodegradation of hydrocarbons is limited [34] . 4) OSMOCOTE simulation Units. The simulation units in which OSMOCOTE was added presented a variation on the chromatographic profile a little different from the ones observed on reference material and on units with NPK, since the first day of experiment (Figure  6(a) ). It may be observed that the oil extracted is in a different stage with minor elevation of base line, but with absence of low molecular weight n-alkanes. Studies made by Xu, testing the utilization of OSMOCOTE fertilizer, presented a drastic increase in the microorganisms metabolic activities, accelerating the biodegradation of hydrocarbons. However, in the present experiment, a chromatographic profile (Figures 6(b)-(d) ) similar to the one of the first day, suggesting that OSMOCOTE did not significantly increase degradation rate, also proved by liquid chromatography results [35] .
Conclusions
In this period, nutrient levels were also high, when compared to the other days of experiment, probably due to non-utilization of these nutrients by the microbial community. In comparison to NPK fertilizer, OSMOCOTE showed to be less efficient than the ones presented by reference units. Even the results obtained at reference units were more efficient. This may be explained by the availability of nutrients, since OSMOCOTE liberates nutrients little by little, or perhaps the length of time has been insufficient to prove the fertilizer efficiency.
The gas chromatographic profiles obtained indicate that the simulation of bioremediation of contaminated mangrove substrate, this led to a more advanced stage of degradation, and even the complete disappearance of all the peaks present. Regarding the differences with respect to the use of either fertilizer, ie, a water soluble fertilizer and another with a slow solubility in water, apparently the soluble (NPK) gave the best results may be indicative of future uses in field of bioremediation in areas impacted by oil activities.
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